Abstract: Professional manpower education and training on research equipment handling are very important for the efficient management, utilization, and operation of research equipment, which in turn is essential for obtaining excellent research results. The government-level efforts to offer such are an essential ingredient of a successful national R&D strategy and are needed for the construction of new and enhancement of the existing national research facility and equipment on a national level. Such education and training program is also needed for human resource development and for the creation of new jobs in the field of science and technology. In this paper, the results of an analysis that was done of the effectiveness of professional manpower education and training on research equipment handling, the first such analysis that was done, are presented and discussed. The policy implications of the analysis results, which have academic originality and value, are also presented. It is expected that the results of this research will help promote professional manpower education and training on research equipment handling and will contribute to the program development for such. 
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PUBLIC INTEREST STATEMENT
Professional manpower is essential for the efficient management, utilization, and operation of research equipment, which in turn is needed for the accurate analysis of newly obtained research results in the hope of coming up with excellent research results for the field of science and technology. The government-level efforts to offer such are an essential ingredient of a successful national R&D strategy and are needed for the construction of new and enhancement of the existing national research facility and equipment on a national level. Such education and training program is also needed for human resource development and for the creation of new jobs in the field of science and technology. In this paper, the results of the effectiveness analysis of professional manpower education and training on research equipment handling, and the policy implications of such, are presented and discussed.
Introduction
Professional manpower is essential for the efficient management, utilization, and operation of research equipment, which in turn is needed for the accurate analysis of newly obtained research results in the hope of coming up with excellent research results for the field of science and technology. In particular, research equipment engineers are essential because scientists can come up with excellent research results only with their support in terms of efficiently managing, utilizing, and operating the research equipment to be used (Toral, Barrero, Martinez-Torres, Gallardo, & Duran, 2009) . In a transformational environment, R&D and integrating teaching and R&D had better circumstances to develop further (Kohtamäki, 2013) . The R&D education can boost the national economic growth (Anselin, Varga, & Acs, 2002; Massey, 1990) .
In South Korea, research equipment utilization is low because professional manpower education and training on research equipment handling has not been given the emphasis it deserves. The malfunction and breakdown rates of expensive research equipment in universities, as well as the management costs of such have increased as the equipment has been handled by unskilled graduate school students, teaching assistants, and research assistants in the absence of dedicated professional manpower. This poses problems for research equipment investment because it shortens the service life of the research equipment. Also, numerous research equipment units become idle or underutilized and are eventually discarded because the presence of professional manpower to handle them is not determined before introducing them. More importantly, the dearth of skilled professional manpower for handling research equipment is preventing the creation of excellent research results.
In general, research equipment experts are of the opinion that a research equipment engineer ideally should manage and operate only three research equipment at a time and cannot manage and operate more than 10. Moreover, the existing professional manpower cannot be adequately trained due to the absence of professional research equipment engineer education institutes and training programs. Although the existing research institutes have research equipment engineer recruitment plans, they are hard-pressed to come up with a training program or course for research equipment engineers due to the dearth of such professional manpower. Also, the short-term training offered by research institutes cannot fundamentally address the need for professional manpower training for the handling of new research equipment. Thus, the R&D support of scientists is limited due to the absence of a program and curriculum for professional manpower education and training on research equipment handling.
In this paper, the importance, appropriateness, and urgency of research equipment engineer education and training are discussed, and the results of a pioneering survey that was conducted among research equipment engineer education and training graduates on the effectiveness of such education and training program are analyzed. The policy implications of such analysis results, which have academic originality and value, are also discussed. It is expected that the results of this research will help promote professional manpower education and training on research equipment handling and will contribute to the program development for such.
Effectiveness of education and training
The effectiveness of education and training is a fascinating subject. Keogh and Daley (1983) defined an effective education and training program as one that boosts the organizational productivity by addressing the employees' problems and improving individual achievement. Also, he insisted that the learning contents of the education course should be applicable to the work environment. Miller (1990) , on the other hand, defined an effective education and training program as one that causes a positive change in the attitudes and behaviors of the people who underwent it, which translates into the improvement of their job attitudes and performance, as well as their human relationships. Haas (2006) , for his part, defined it as one that increases the employees' job satisfaction and morale, as well as the quality and quantity of their job performance. He insisted that the effectiveness of an education and training program could be measured in terms of the changes that transpire in the knowledge, behavior, and reactions of the learners/trainees. The earlier relevant studies suggested education and training transition to boost the effects of education and training. This means that the education and training program participants can apply the knowledge, technologies, and attitude changes that they have obtained from the education and training program that they participated in to their job performance. Therefore, the measure of the attainment of the objectives of the education and training program is the participants' education and training transition as reflected in their job performance. The education and training transition completion can be measured in the behavior evaluation stage or the result evaluation stage. The theory model (education and training input factor → amount of education obtained → transition) includes the education and training design (learning principle, education and training data composition, job relation of education and training), the characteristics of the education contents and training participants (abilities, technologies, motives, characteristics), and the work environment (supervisory support, organizational culture). The amount of education obtained plays the mediational role for transition.
The effect of education and training pertains to the level of immanent and phenomenal changes that occurred as a consequence of the education and training undergone (Abrams & Middleton, 2017; Jimenez, Snchez, McMahon, & Viola, 2016) . Satisfaction with the education and training program is a satisfaction index of the education and training participants. Validation of education and training refers to the determination of whether the objectives of the education and training program were attained. This includes the changes that transpired in the education and training participants (Isba, Woolf, & Hanneman, 2017; Rowden, 2005) . Noe and Schmitt (1986) reported their research finding that the personal characteristics of the participants and the motivational factor influenced the education and training transition. Further, they developed a model for the relation between the factor and the transition. This model explains that the locus of control influences the responses, careers, job attitudes, expectations, and self-efficacy of the organization members for the technology feedback, and that these in turn influence the education and training program participant's learning motivation. Also, the program participant's personal perception of the work environment influences his or her learning motivation, which in turn influences the degree of his or her learning from the education and training program (Anderson, Ellwood, & Coleman, 2017; Drake & Fumia, 2016) . Finally, the program participant's learning leads to education transition through behavior change. Noe and Schmitt's motive-and-effect model for the evaluation of the effectiveness of an education and training program is shown in Figure 1 . Baldwin and Ford (1988) suggested three training input factors (characteristics of the education and training program participants, education and training program design, and work environment) for learning and transition. The characteristics of the education and training program participants consist of their abilities, technologies, personal characteristics, and motives. The education and training design factors consist of the education and training contents, process, learning principle, etc. The work environment includes the organization's support culture, support from the boss and colleagues, learning technology utilization opportunities, work limitations, etc. The education result is defined as the learning amount and the education result maintenance (Burke, Goldman, Hart, & Hodapp, 2016; Higley, 2017) . Baldwin and Ford's transition process model is shown in Figure 2 . The education result and education input factor have both direct and indirect effects on learning transition. For the direct effects, the program participant's learning motive, expected result, selfefficacy, and abilities influence his or her work transition (Wiethoff, 2004) . As for the indirect effect, the program participant influences his or her learning. The education result and effect factors are classified into the program participant's characteristics, the education and training program design, the situational factors, and the environmental factors (Brinkerhoff, 2005) . The program participant's characteristics are his or her abilities, motives, background, attitudes, etc. The education and training program design consists of the lecturer, education contents, process, target establishment, feedback, education method, etc (Alvarez, Salas, & Garofano, 2004; Kraiger, McLinden, & Casper, 2004) . 
Education and training on research equipment handling
In this paper, an education and training program on research equipment handling is presented and discussed through the evidence from South korea. Education and training on research equipment handling is being offered as part of the research equipment engineer training program. In South Korea, the education and training on research equipment handling is being provided by the government in accordance with First, with regard to the concept of "research equipment engineer," in South Korea, the job of a technician is not seen as a specialized job and is not highly regarded because the treatment and image of a technician as professional manpower are not good. The concept of "engineer," on the other hand, is one who has specialized technology knowledge. This is more suitable for the advancement of the status of the professional manpower. The status of the research equipment engineer in the country is lower than that of the professional engineer but higher than that of the technician. The research equipment engineer utilizes and manages the research equipment through the knowledge and technology he or she has acquired from the education and training program on research equipment handling for R&D personnel. The status of the research equipment engineer is described in Table 1 . A cooperative network is established, and the education capability is maximized, through the government's selection and management of a research equipment handling education institute that will offer education and training on research equipment handling. Education activities are carried out for professional manpower training. Online support and license systems are needed for education and training management and for the provision of employment support for the education and training of research equipment engineers, and education and training on research equipment handling, as well as a national policy on such are needed for employment promotion and stability. The research equipment education institute assigns one research equipment expert (mentor) to one to three trainees (mentees) for the education and training on research equipment handling. The trainees select a research equipment handling education program from among the three major programs offered, which are listed in Table 2 . Production and process equipment education CNC, SMT, semiconductor production equipment, PCB production equipment, LED device production equipment, etc. The manpower can operate research equipment through the manual.
Euipment Technician
The manpower can operate research equipment through short-term education.
Euipment Engineer
The manpower can operate and manage research equipment through professional education, knowledge, and technology.
Euipment Specialists
The manpower can operate, manage, and apply research equipment through advanced knowledge and technology.
The research equipment handling education is divided into theory education (25%) and practice education (75%), and mentoring, regular training, and career counseling are steadily provided. The details of the basic and professional education programs are shown in Table 3 , and the features of the general research equipment handling education are shown in Table 4 . The operation institute manages and supports the research equipment handling education institute for the education, training, and employment of research equipment engineers, and the research equipment handling education institute establishes a cooperative network for research equipment handling education cooperation. The institute also designates a research equipment handling education cooperation institute for the education and training of research equipment engineers and experts, and can shoulder the experiment costs, materials, research equipment usage fee, etc.
Research method for effectiveness analysis
In this study, the learner characteristics, education and training characteristics, and organizational climate characteristics were selected as the independent variables for the research equipment handling education and training effectiveness analysis. The one-step learning satisfaction, twostep scholastic achievement awareness, and three-step transition awareness were measured using Kirkpatrick's four-stage training evaluation model for the education and training effect measurement. The reaction evaluation measures the learning satisfaction, the learning evaluation measures the scholastic achievement awareness, and the transition evaluation measures the transition awareness, for an objective evaluation. The research design is shown in Figure 3 . In this research, 50 research equipment handling education and training graduates were surveyed. The reason for this was that the education and training program was completed recently, and the education program participation period was the same for all the program participants. A total of 50 people completed the research equipment handling education and training program on full government scholarship basis. The survey respondents are described in Table 5 . The questions were rechecked, and the Cronbach α was measured for the test tool validity. The independentvariable measurement questionnaire contents are shown in Table 6 . The internal-consistency index consisted of the learner characteristics (0.861), the education and training characteristics (0.832), and the organizational climate characteristics (0.829). On the other hand, the dependentvariable measurement questionnaire contents are shown in Table 7 . The internal-consistency index consisted of the learner satisfaction (0.883), the scholastic achievement awareness (0.890), and the transition awareness (0.917). The questionnaire contents were selected based on Kirkpatrick's evaluation model. The Cronbach α was larger than 0.80 in the reliability test for the consistency measurement of the measurement instrument and the measurement error decrease. The survey respondent data were prepared for the information analysis of the surveyed individuals. The entry and stepwise multiple regression analysis methods were used for the influence verification of the education effect.
Research design and analysis results for the research equipment handling education and training

Influence analysis for learner satisfaction
Among the independent variables, the learner characteristics, education and training characteristics, and organizational climate characteristics were the influence variables. The dependent variable of learner satisfaction was subjected to reaction evaluation. In this study, multiple regression analysis was performed for the regression equation analysis. The influence of learner satisfaction is described in Table 8 . The multiple regression analysis result was statistically significant (F = 81.106, p < 0.001). The results for both the independent and dependent variables were statistically significant. The influence analysis for learner satisfaction for the regression equation coefficient is described in Table 9 . Below is the detailed formula. The influence of the learner characteristics, education and training characteristics, and organizational climate characteristics on learner satisfaction was determined to be about 63% (R 2 adj = 0.634), as shown in Table 9 . The result for education and training characteristics was statistically significant (t = 10.001, p < 0.001), but that for the learner characteristics was not (t = 1.472, p > 0.001). The result for organizational climate characteristics was also not statistically significant (t = 0.709, p > 0.001). Thus, the education and training characteristics (β = 0.672) was found to have influenced learner satisfaction. Multiple regression analysis was performed for the analysis of the influence of the education and training design, education and training environment, education and training contents, and educator and trainer on learner satisfaction. The influence of the education and training characteristics on learner satisfaction is described in Table 10 . The multiple regression analysis result was statistically significant (F = 65.230, p < 0.001). The results for both the independent and dependent variables were statistically significant. The regression equation coefficient for the analysis of the influence of the education and training characteristics on learner satisfaction is described in Table 11 . Below is the detailed formula. The influence of the education and training design, education and training environment, education and training contents, and educator and trainer on learner satisfaction was about 69% (R 2 adj = 0.687), as shown in Table 11 . The result for the education and training environment was statistically significant (t = 5.679, p < 0.001), as that for the educator and trainer (t = 5.431, p < 0.001). The result for the education and training design, however, was not statistically significant (t = 1.871, p > 0.001), as for the education and training contents (t = 1.168, p > 0.001). Thus, among the education and training characteristics, the education and training environment and the educator and trainer influenced learner satisfaction.
Influence analysis for scholastic achievement awareness
Among the independent variables, the learner characteristics, education and training characteristics, and organizational climate characteristics were the influence variables. The dependent variable of scholastic achievement awareness was subjected to reaction evaluation. Multiple regression analysis was performed for the regression equation analysis. The influence factors for scholastic achievement awareness are shown in Table 12 . The multiple regression analysis result was statistically significant (F = 41.001, p < 0.001). The results for both the independent and dependent variables were statistically significant. The influence analysis for scholastic achievement awareness for the regression equation coefficient is described in Table 13 . Below is the detailed formula. The influence of the learner characteristics, education and training characteristics, and organizational climate characteristics on scholastic achievement awareness was about 43% (R 2 adj = 0.431), as shown in Table 13 . The result for the learner characteristics was statistically significant (t = 4.137, p < 0.001), but that for the education and training characteristics was not (t = 1.043, p > 0.001), as that for the organizational climate characteristics (t = 1.021, p > 0.001). Thus, the learner characteristics influenced the scholastic achievement awareness. Multiple regression analysis was performed for the influence analysis of self-efficacy, motivation, expectations, and abilities. The result regarding the influence of the learner characteristics on scholastic achievement awareness is presented in Table 14 . The multiple regression analysis result was statistically significant (F = 20.131, p < 0.001), as were the results for both the independent and dependent variables. The regression equation coefficient analysis of the influence of the learner characteristics on scholastic achievement awareness is shown in Table 15 . Below is the detailed formula. 
The influence of self-efficacy, motivation, expectations, and abilities was about 38% (R 2 adj = 0.381), as shown in Table 15 . The result for motivation was statistically significant (t = 2.901, p < 0.01), as that for expectations (t = 2.030, p < 0.05) and abilities (t = 2.123, p < 0.05). The result for self-efficacy, however, was not statistically significant (t = -0.351, p > 0.05). Thus, among the learner characteristics, the motivation, expectations, and abilities influenced the scholastic achievement awareness.
Influence analysis for transition awareness
Among the independent variables, the learner characteristics, education and training characteristics, and organizational climate characteristics were the influence variables. The dependent variable of transition awareness was subjected to reaction evaluation. Multiple regression analysis was performed for the regression equation analysis. The influence factors for transition awareness are shown in Table 16 . The multiple regression analysis result was statistically significant (F = 31.003, p < 0.001), as were the results for both the independent and dependent variables. The regression equation coefficient for the influence analysis for transition awareness is presented in Table 17 . Below is the detailed formula. The influence of the learner characteristics, education and training characteristics, and organizational climate characteristics on transition awareness was about 48% (R 2 adj = 0.480), as shown in Table 17 . The result for the organizational climate characteristics was statistically significant (t = 3.410, p < 0.001), but that for the learner characteristics was not (t = 0.008, p > 0.001), as that for the education and training characteristics (t = 0.007, p > 0.001). Thus, the organizational climate characteristics influenced the transition awareness. Multiple regression analysis was performed for the influence analysis of mentor support, colleague support, and organization support. The influence of the education and training characteristics on transition awareness is described in Table 18 . The multiple regression analysis result was statistically significant (F = 23.001, p < 0.001), as were the results of both the independent and dependent variables. The regression equation coefficient for the analysis of the influence of the organizational climate characteristics on the transition awareness is presented in Table 19 . Below is the detailed formula. The influence of mentor support, colleague support, and organization support was about 32% (R 2 adj = 0.320), as shown in Table 19 . The result for mentor support was statistically significant (t = 0.047, p < 0.01), as that for colleague support (t = 0.106, p < 0.05), but that for organization support was not statistically significant (t = -0.087, p > 0.05). Thus, among the organizational climate characteristics, mentor and colleague support influenced the transition awareness.
6. Policy discussion for education and training on research equipment handling
In this paper, the scientific implication can obtain results of correct studies and excellent results through the education and training of research equipment. Researchers can possess both research capability and utilization capability of research equipment to produce improved research result. It can create ideas for the new research method and contribute to the improvement and development of research equipment. The managerial implication can be operated efficiently and without the failure of research equipment, research equipment lifespan can be extended through the education and training of research equipment. In particular, it can contribute to laboratory safety management for the researcher protection through the stable operation of research equipment. Professional manpower education and training on research equipment handling can contribute to effective research equipment operation, R&D efficiency and national research equipment management system improvement, and national competitiveness enhancement. This is because the know-how accumulated by the research equipment handling expert mentors over a long time will be passed on to their mentees through the practice education that they will provide to the latter. This will pave the way for excellent research data analysis and R&D result creation by the country's scientists and researchers because the local professional manpower who have acquired the necessary know-how in research equipment operation from the aforementioned education and training program will support the local scientists and researchers in the research development field by being the ones to manage and operate the research equipment to be used in the researches, allowing the scientists and researchers to concentrate on their researches. In addition, the country's overseas dependence on the introduction of research facilities and equipment can also be lowered because the local professional manpower can contribute to the development of original research technologies and research equipment and their parts. This in turn can contribute to R&D budget loss prevention, national wealth creation, domestic research equipment promotion, etc. The construction of a network of research equipment engineers can also contribute to the research equipment utilization and analysis improvement. Dedicated professional manpower is needed particularly for the large research equipment in the research development field and for the mutual utilization of research equipment, as well as the improvement of the test, analysis, and measurement levels. As mentioned earlier, the professional manpower of research institutes will contribute to the country's R&D activity, which will lead not only to increased R&D productivity but also to the creation of a cyclical structure, such as the recruitment of new research equipment professionals. Global and original research data can be analyzed through the advanced analysis technology equipment. The education and training of research equipment handling experts can also contribute to the development of analytical technologies and equipment. Further, education and training of research equipment handling experts at the national level will lead to the reduction of the investment cost of research equipment manpower education, as well as to increased education investment. It can also create new jobs utilizing retired research equipment and high-career experts. The professional manpower can perform basic research equipment inspection, as well as periodic maintenance and management inspection of all the equipment at the research institutes. This can greatly reduce the operation and maintenance costs of such equipment. Finally, education and training on research equipment handling can contribute to the reduction of the R&D budget and to professionalization through the conduct of a research equipment introduction review by the professional manpower before the purchase of new research equipment.
Conclusions
In this paper, the results of the effectiveness analysis of professional manpower education and training on research equipment handling, and the policy implications of such, are presented and discussed. First, the importance and validity of professional manpower education and training on research equipment handling is discussed, along with the status of such education and training program in South Korea. Then the policy implications of the results of the effectiveness analysis of such education and training program are drawn.
In the effectiveness analysis of the education and training program, the learner characteristics, education and training characteristics, and organizational climate characteristics were the influence variables, and learner satisfaction, scholastic achievement awareness, and transition awareness were the dependent variables. The education and training characteristics, particularly the education and training environment and the educator and trainer, were found to influence learner satisfaction. It was also found that an infrastructure environment for education and training on research equipment handling is needed to boost the effectiveness of such program, and that practice education to be given by mentors is needed. As for scholastic achievement awareness, it was found to be influenced by the learner characteristics, particularly the learner's motivation, expectations, and abilities. Job creation, treatment improvement, the certificate system, and an education and training program were also found to be needed to boost the effectiveness of education and training on research equipment handling. Lastly, for transition awareness, it was found to be influenced by the organizational climate characteristics, particularly mentor and colleague support. Here, academic contributions for the promotion and development of education and training on research equipment handling are expected.
Education and training on research equipment handling can contribute to the more effective and efficient operation of research equipment, and to the national research equipment management system. Scientists and researchers can concentrate on their researches because it is the professional manpower who will manage and operate the research equipment that they will use for their researches. This can contribute to the improvement of the country's research result creation and utilization in the field of science and technology.
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